The in-plane free vibration of sector, annular, and circular plates is investigated by isogeometric finite element approach on the basis of nonuniform rational B-spline (NURBS) basis functions. Under the current framework, both the displacement field and geometry of the sector, annular, and circular plates are modeled by NURBS basis functions to bridge the gap between the design of geometry and the analysis of variable field. The NURBS basic functions can not only preserve the exact geometry of sector, annular, and circular plates, but also provide higher continuity of basis function and its derivatives. The governing equations can be derived by employing the principle of virtual work and the desired solutions are obtained by using the Arnoldi Method. Several numerical examples of sector, annular, and circular plates are performed, and three refinement schemes (the h-, p-, and k-refinement strategies) are applied to demonstrate the convergence. Then the effectiveness and accuracy of the proposed approach are validated through comparisons with results obtained from the finite element analysis as well as open available literature. On this basis, some new numerical results of frequency parameters with mode shapes are shown and may be used as benchmark results for the vibration investigation in the future. In addition, the effects of sector angles and ratio of inside to outside radii on the in-plane vibration of sector, annular, and circular plates under different boundary conditions are fully demonstrated.
Introduction
The sector, annular, and circular plates are typical structural components used in engineering widely. The flexural vibration of sector, annular, and circular plates has been studied by researchers and design engineers with considerable interest. A number of investigations [1] [2] [3] [4] [5] have been devoted to flexural vibrations of structures, maybe because the flexural vibration has lower resonant frequencies and a decisive role in terms of fluid-structure coupling. However, the vibrations of structures also contain in-plane parts, which often appear in high frequency motions and large coupled structures. When the sound radiation and energy transmission of coupled structures are considered, the importance of in-plane vibration is nonnegligible. Consequently, it is of great significance to obtain deep in-plane vibration comprehensions of sector, annular, and circular plates.
Xing and Liu [6] applied a Rayleigh quotient variational principle to study the free in-plane vibration for rectangular plate. In the paper, all classical boundary restraints which included two various kinds of simple supports were taken into consideration. Bercin and Langley [7] analyzed the inplane vibration problem of plate structures by adopting the dynamic stiffness technique and classical finite element assembled technique. Nefovska-Danilovic and Petronijevic [8] also used this method to investigate the in-plane free vibration of arbitrarily restrained isotropic rectangular plate. Gorman [9] used the method of superposition to solve the problem of free in-plane vibration of plates; then he used this method to solve in-plane vibration of Levy-type plates [10] which have a pair of simply supported opposite edges at least. Andrianov et al. [11] adopted homotopy perturbation method to study the in-plane vibration of rectangular plate. Chen et al. [12] applied Chebyshev-Lagrangian approach to study in-and out-of-plane vibration of plate with cutout. Mohazzab and Dozio [13] used the spectral collocation method to analyze inplane vibration of isotropic skewed geometrical plates. Some 2 Shock and Vibration other efforts [14] [15] [16] [17] [18] have also been devoted to the in-plane vibration problem of plate structures.
It is needed to point out that a great majority of existing investigations in aforementioned issues are restricted within rectangular plates. The related work about the inplane vibration of sector, annular, and circular plates is very limited. Irie et al. [19] studied the natural in-plane vibration frequencies for annular and circular plates with clamped and free boundary conditions by using the transfer matrix method. The Rayleigh-Ritz method was employed by Bashmal et al. [20] to investigate the natural in-plane vibration characteristics for circular disk. Farag and Pan [21] assumed that the in-plane vibration mode shapes in circumferential and radial direction were, respectively, expressed in a series summation of trigonometric functions and Bessel functions, and then they solved the in-plane vibration equations for the clamped circular plates. It is well known that differential quadrature method (DQM) as one of point discretization methods can solve this vibration. With this DQM, Eftekhari [22] investigated in-plane vibration of circular arches. In this investigation variable thickness and a moving point load are taken into consideration. Singh and Muhammad [23] solved free in-plane vibration of isotropic rectangular, rhombic, and annular sector plates with the finite element analysis. In their paper, the natural coordinates with multiple points were used to map the geometry. Chan [24] calculated in-plane vibration frequency of circular plate structures by utilizing Hamilton's principle. Shi et al. [25] calculated the natural in-plane vibration of annular sector plate with using the modified Fourier series method. This method was used, lately, by Wang et al. [26] to analyze the free in-plane vibration of orthotropic sector, annular, and circular plates.
The finite element method (FEM) is one of main numerical approaches to solve structural vibration. Under this method, the basis functions in traditional FEM are employed to describe the unknown structures' fields. In engineering occasions, however, some drawbacks of FEM may be encountered when obtaining a discretized geometric model, such as time-consuming refinement and cumbersome mesh generation, as well as with geometrical net errors. To overcome the gap between FEM and Computer Aided Design (CAD), recently Hughes et al. [27] introduced an isogeometric analysis (IGA) based on the NURBS basis functions [28] . In the IGA method, the geometry and the variable fields of structures are constructed by using the NURBS basis functions. These functions can preserve exact geometry and provide higher order approximations than Lagrange functions used in standard FEM. What is more, the refinement and meshing process may be implemented without CAD geometry.
In recent decades, the IGA method has been also applied to solve several mechanics problems, such as solid, fluid, contact, and structural mechanics [29] [30] [31] [32] [33] . Cho and Ha [34] investigated the exact geometry and enhanced sensitivity of shape design optimization. Wall et al. [35] applied this approach to solve structural shape optimization about twodimensional problems of linear elasticity. Based on patientspecific vascular NURBS modeling, Zhang et al. [36] used the isogeometric approach to analyze the flow of blood. Bazilevs et al. [37] analyzed the fluid-structure interaction problem about blood flow with the same theory. Kruse et al. [38] analyzed large deformation elasticity by isogeometric collocation methods; then they also solved frictional contact problems. Recently, the IGA was extended to study static and dynamic problems of various kinds of plate and shell structures. Isogeometric Kirchhoff-Love shell formulations were used by Kiendl et al. [39] to solve general hyperelastic materials. This method then was used by Tepole et al. [40] to analyze biological membranes. Benson et al. [41] used IGA method to study Reissner-Mindlin shell. What is more, the IGA method has been utilized in analyzing the vibration of rotation-free shells [42] and functionally graded and multilayered plates with various theories, such as higher order shear deformation [43] [44] [45] , layerwise deformation [46] , and new inverse trigonometric shear deformation theories [47] . Although a large number of studies on the basis of IGA method have been published, to the authors' knowledge, the works regarding the use of this method for the inplane vibration of sector, annular, and circular plates are still unavailable in the literature.
In this work, an approximate formulation based on NURBS functions is carried out for studying the in-plane vibration characteristics of the sector, annular, and circular plates, in which the CAD basis functions are utilized for approximating field variables. The principle of virtual work is used to derive the differential equations for free in-plane vibration of sector plate, annular plate, circular sector plate, and circular plate. The convergence study of the formulation is testified in several selected examples. Several numerical results of the natural in-plane frequency parameters for these plates are given. By comparing numerical results with data obtained by the FEM and existing literature, the convergence and reliability of the formulation are tested in several selected examples. In addition, the influence with regard to some effects on the frequency parameters of these plates and their associated mode shapes is also exerted, such as sector angles, the ratios between inner and outer radii, and different boundary conditions.
Theoretical Formulations

A Brief of NURBS Functions.
A group of nondecreasing values ∈ , = 1, 2, 3 ⋅ ⋅ ⋅ + + 1, are used to define the knot vector = { 1 , 2 ⋅ ⋅ ⋅ + +1 }. B-spline basis function is piecewise constant when the order of basis functions is zero.
For > 0, the basis functions can be calculated recursively as
where the assumption 0/0 = 0 is adopted. and , respectively, are the total number and polynomial order of basic However, it is insufficient to construct exactly arbitrary geometries only by B-spline basis functions, such as ellipse and circle. NURBS basis functions can overcome these limitations by introducing the weights to construct a great variety of geometrical entities. One-dimensional (1D) NURBS basis function of order can be obtained:
where is the weight referred to the th B-spline basis function , ( ).
Analogously, the 2D NURBS basis functions of orders and can be defined as
where , ( ) is the th B-spline basis function in thedirection. , is the corresponding weight. and are the numbers of total basic functions in the -and -direction, respectively.
Therefore, by giving a set of control points , = { , , , } and 2D NURBS basis functions , , ( , ), a surface is written as
For example, the exact geometries of annular sector plate, annular plate, circular sector plate, and circular plate with their corresponding control nets are shown in Figure 2 .
Then, by employing the NURBS basis functions, the geometry coordinate ( and ) and the in-plane displacement fields ( and V) of structures can be described as follows:
where ( , ) = , , ( , ) is the NURBS basis function, subscript = ( −1)⋅ + is used for convenience, and are the control point coordinates corresponding to relational basis function, and ( , V ) represents the displacement vector of the corresponding control points.
Description of the Models.
The investigative geometry models for free in-plane vibration of the sector, annular, and circular plates in natural coordinates are presented in Figure 3 . In following analysis, the materials of these sector plates are defined as isotropic with Poisson's ratio ], mass density , and Young's modulus . The thickness, inner radius, and outer radius of the annular plate sector are ℎ, 0 , and 1 , respectively. All annular plate, circular sector plate, and circular plate can be obtained from the annular sector plate. It is required that the sector angle can be set to 2 for the case of annular plate. Similarly, for the circular sector plate, it is required that the inner radius 0 can be set to zero, while for the circular plate the sector angle and inner radius 0 should be, respectively, set to 2 and zero. However, in the coupling edges = 0, = 2 and inner radius 0 = 0, the kinematic and physical compatibility conditions of the above described annular plate, circular sector plate, and circular plate should be taken into consideration. To satisfy this characteristic, a scheme for coupling coincident control points analogous to coupling nodes in the finite element analysis is used to couple control points and nodes in the model.
Constitutive and Kinematic
Relations. The stress-strain relations for the aforementioned isotropic sector, annular, and circular plates undergoing in-plane vibration can be obtained on the basis of generalized Hooke's law, expressed in the matrix form as 
Figure 2: The exact geometries and control nets for sector plates of various types. where , , and , , , respectively, are the stresses and strains. The elastic stiffness coefficients ( , = 1, 2, 6) are given as follows:
Referring to the work of Singh and Muhammad [23] , the in-and out-of-plane motions of these plates can be separated; therefore, the motions of these sector plates are assumed without out-of-plane part. Under this assumption the straindisplacement relations are written:
In this paper, only the in-plane displacement components ( and V), rather than the out-of-plane one ( ), are involved in the formulation. Therefore, the current formulation is suitable for the plates composed of the symmetric materials with respect to the mid-plane, such as single-layer isotropic, transverse isotropic, and orthotropic plates, as well as symmetric multilayered composite plates.
Solution Procedure.
The potential ( ) energy of sector plate and the kinetic ( ) energy of sector plate are written as
where , ℎ, and are, respectively, the mass density, thickness, and integral surface of sector plate,̇= / andV = V/ , respectively, represent in-plane velocity field components along the , directions. The stress, strain components, and elastic stiffness coefficients are determined by (7) and (8).
By applying Hamilton's principle [48] , the principle of virtual work for sector plate is expressed as
Substituting (9)- (10) into (11), the weak statement of inplane vibration can been obtained as follows:
The in-plane vibration governing equations of sector plate can be written by variable separation approach:
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And the following definitions of stress resultants are used:
where and are stress resultants in the -and -axis directions in the radial edges, respectively. Similarly, and are stress resultants in the -and -axis directions in circumferential edges.
The boundary conditions are of the following form (see [49] ):
According to the study of Cottrell [50] , the IGA is analogous to the traditional FEM for using the homogeneous Dirichlet boundary conditions on , V. The following boundary conditions could be used in this paper:
As for the center of circular and circular sector plates and the circumferential edges of annular and circular plates, it is essential to consider their physical compatibility and kinematic conditions. Therefore, similar to standard FEM for coupling coincident nodes, IGA method can couple relevant control points. From Figure 2 , there are six control points in coupling edges = 0 of annular plate and four control points in the center of circular sector plate in original one. After coupling relevant control points, there are three control points and one point in coupling edges = 0 of annular plate and the center of circular sector plate, respectively. The NURBS functions substitute for interpolation functions which are utilized in FEM to construct the unknown fields. A typical element for two-dimensional structures is used in the isogeometric analysis. There are present space for calculating integral equation and physical space in conventional finite element implementations, only. The parametric space is unnecessary. Figure 4 shows the parent, parametric, and physical spaces and mapping variations. The current space is mapped to geometrical space by = ∘̃, where mappings̃:Ω →Ω and :Ω → Ω, respectively, are from current spaceΩ to parametric spaceΩ and from parametric spaceΩ to geometrical space Ω.
An example is presented to explain the mapping̃:
and the corresponding Jacobian determinant
6 Shock and Vibration According to (6) , it is easy to calculate the mapping : Ω → Ω. And the Jacobian of the relevant transformation is given:̂=
By using the first derivatives of NURBS basis functions, the Jacobian may be represented by the following expression:
where is the number of total control points of each element. Therefore, the Jacobian |̂| can be determined by (21) . Considering the above Jacobian determinant |̂| and |̃|, the Jacobian determinant can be written as
In order to facilitate the analysis, the transformation formula which is used for interpretation of a quadrature rule from geometrical space to current space is written as
where el is the total number of elements. It is easy to see that transformation formula can be obtained with Jacobian determinant and the mappings in Figure 4 . By using the separation of variables ( , ) =̃( ) and V( , ) =Ṽ( ) , the principle of virtual work for sector plate in (10) can be written as
where is the th free vibration frequency of the sector plate.
The Lagrange function of sector plate can be written as
The variables and geometry coordinate of control points in (6) can be written as
Similarly, the geometry coordinate and the in-plane displacement fields of each element can be written as (27) where is the number of total control points of each element; the superscript denotes use for each element.
By substituting (26) into (25) and then applying RayleighRitz procedure to solve everỹandṼ ,
According to the element assembly operator in the standard FEM and quadrature rule in (23), (27) can be also written as
Shock and Vibration Therefore, the in-plane vibration governing expression can be written as
where M and K are, respectively, the global mass and stiffness matrices for sector plate. denotes the th natural frequency of sector plate, and {̃} = {ũ,k} denotes the corresponding eigenvector nodal displacements, in which displacement component vectorsũ andṽ are written as
The eigenproblem in (30) can be solved by using Arnoldi Method [51, 52] , and the mode shapes can be expressed by multiplying the NURBS basis functions with eigenvector.
To calculate the global stiffness matrix and mass matrix in (30) , each local element mass matrix and stiffness matrix should be computed according to (29) . Therefore, the local element stiffness matrix can be written as
The explicit forms of the local element stiffness matrix K e are given by 
Each local element mass matrix for sector plates can be written as
The explicit forms of the local element mass matrix M e are given by
By using integral transform which is determined in (23), the integral region of element can be transformed to numerical integral region. Then numerical integration can be obtained by applying the standard Gauss-Legendre quadrature.
The global stiffness and mass matrices of annular sector plate can be obtained by using (29)- (35) . For the stiffness and mass matrices of the annular plate, circular sector plate, and circular plate, a coupling coincident control points scheme mentioned above is used. When the angle of the annular sector plate is equal to 2 and with coupling the edges = 0, = 2 , the annular sector plate can be regarded as an annular plate. When inner radius 0 of the annular sector plate is zero and with coupling the control points in the inner radius 0 , the annular sector plate can be regarded as a circular sector plate. In a similar way, circular plate can be obtained when the angle of the circular sector plate is equal to 2 and with coupling the edges = 0, = 2 .
Refinement Algorithms.
The accuracy of FEM computational solutions is greatly related to the number of elements and the order of functions used to describe unknown field variables. To capture fast convergence in the solution field, it is essential that the discretization of intricate geometries can be successively refined. The basic B-spline refinement mechanisms are different from the counterparts of the FEM. One of the main advantages of a discretization tool based on the B-spline basis functions is the ability to apply different refinements algorithms in a simple manner. Three types of refinement algorithms [53] are generally used in the IGA. In the IGA, knot insertion is a strategy that inserts additional knots into the knot vectors. In this subdivision strategy, both the number and control points of element are changed but the order of basis functions is maintained. Degree elevation is a strategy that increases the order of B-spline basis functions. In this strategy, both the order and control points of basis B-spline functions are changed yet knot span is not increased. The knot insertion and degree elevation, respectively, are analogous to the h-and prefinement of the standard FEA. In addition, the combination of knot insertion with degree elevation is the ability to refine discretization. A strategy that first elevates the order of NURBS basis functions and then inserted a unique knot into a nonzero knot span is said to be k-refinement. As an efficient and robust scheme, this strategy can increase the number of elements and provide higher order of basis functions.
Numerical Results and Discussions
In this part, the convergence of the current method is first tested. Then, several selected numerical examples of the inplane vibration analysis for sector, annular, and circular plates are given to verify the validity and accuracy of this IGA method. Free (F) and clamped (C) boundary conditions are considered. For instance, CCCC and FFFF, respectively, represent all clamped and free sides, CCCF means the fourth side is free and other three sides are fixed. The sequence of boundary edges for the sector plates is defined in Figure 3 . Then, some free in-plane vibration mode shapes of sector plates are plotted and relevant frequencies are presented. Finally, the effects of some parameters study examples are also given. In the following analysis, the isotropic annular, circular, and sector plates are considered as thin plates. The nondimensional frequency parameter Ω = (2 1 / )√( /( (1 − ] 2 ))) is used if no special statement is given; the material parameters of the different types of annular sector, annular, circular sector, and circular plates are = 70 Gpa, ] = 0.3, and = 2700 kg/m 3 .
Convergence and Validation.
The annular sector plate as an example is applied to test the convergence of the present approach for free in-plane natural frequencies. For conciseness and convenience, three refinement schemes such as h-, p-, and k-refinements which elevate the polynomial order and insert knots with preserving the geometry and parameterization are employed. Then, the first eight nondimensional frequency parameters of the CCCC annular sector plate by using different orders and elements are shown in Table 1 . The plates are characterized by the following geometry constants: Table 1 show a great convergence trend.
The comparisons of frequency parameters of these plates including annular sector plate, annular plate, and circular sector plate are shown in Tables 2-4. The first six dimensionless natural frequencies Ω = 1 √ / of annular sector plates are presented Table 2 . In this table, the inner-to-outer radii ratios 0 / 1 = 0.5, the sector angles = 30 ∘ , 90 ∘ , and different boundary conditions such as CCCC, CFCF, FFFF, and CCCF are taken into account. Some results in available literature reported by Singh and Muhammad [23] using traditional FEM and Shi et al. [25] using Ritz method are used in Table 2 to validate the accuracy of results of annular sector plate with the present method. From Table 2 , a good agreement can be obtained by observing these results. The discrepancies of the results can be negligible.
Besides, annular and circular sector plates under this investigation are considered as special cases on the basis of the model of annular sector plate. As mentioned above, they are obtained by using a scheme for coupling coincident control points. Therefore, the results of frequency parameters of these plates should be investigated. The nondimensional frequency parameters results of the annular plate are presented in Table 3 . The inner-to-outer radii ratios used for this table are 0.2 and 0.4. Different boundary conditions FF, FC, and CC are taken into consideration. Similarly, the natural frequencies of annular plate are compared with the results which are taken from Irie et al. [19] using transfer matrix method and Bashmal et al. [20] using Rayleigh-Ritz method. Table 4 presents the first nondimensional nine frequency parameters of the circular sector plate. The sector angles = 30 ∘ , 90 ∘ and boundary conditions CCC, CFC, and FCF are taken into consideration. To validate these results of the present method in Table 4 , the natural frequency parameters computed by ANSYS based on the FEM are utilized. In this ANSYS computation, the type and the size of element are, respectively, shell82 and 0.02, and mapped meshing grid is adapted. Based on the above description of tables, it is obvious that this IGA method has a great accuracy and efficiency to evaluate the natural in-plane vibration frequencies for the annular sector, annular, and circular sector plates.
Figures 5-7 depict first four mode shapes and relevant frequency parameters of the free in-plane vibration for annular sector plate with different geometric parameters and boundary conditions. From these figures, it can be easily seen that in-plane vibration mode shapes are more complicated than their flexural vibration modes even though they belong to lower-order modes. For example, the deformation of extension and compression in one region can suddenly change into a shear state in another region as mode varies. One of the reasons is maybe that the in-plane vibration frequency is determined by many factors rather than individual variable of the plate. The deformation of the first mode extends and compresses in the circumferential direction under CCCC and CFCF boundary conditions but in the radial direction under FCFC boundary condition. The variations of mode shapes with sector angle also are obviously seen. Therefore, the boundary conditions and the geometry parameters play significant roles in their in-plane vibration mode shapes. frequency parameters of annular, circular, and circular plates with different geometric parameters, respectively.
The Effects of Parameters.
In numerical studies, the effects of several key parameters are investigated in Figures  11-13 . The order = = 3 and the element 32 × 32 are used to calculate the frequency parameters. The change trends of the first three frequencies for annular sector plate and circular sector plate are shown in Figure 11 . In this analysis, the inner-to-outer radii ratios 0 / 1 = 0.5 for annular sector plate and 0 / 1 = 0 for circular sector plate are used, and these sector annular angles gradually increase from 2 ∘ to 358 ∘ . For sector annular plates with CCCC, FCFC, and CCCF boundary conditions and circular sector plates with CCC, CFC, and CCF boundary conditions, the conclusion can be clearly obtained that the frequency parameters of the plate are in the monotonically decreasing state when the sector angle increases. The frequency parameters sharply decrease before the annular sector angle is small, that is, ≤ 10 ∘ , and the descending velocities of the frequency parameters become slower when the sector angle varies from 10 ∘ to 100 ∘ , and the frequency parameters remain stable after the annular sector angle ≥ 100 ∘ . For the cases of CFCF annular sector plate and FCF circular sector plate, the frequency parameters increase rapidly with beginning and then decease or increase slightly with sector angle increasing in general. The effects of inner-to-outer radii ratios on first three natural frequencies of annular sector plate and annular plate are illustrated in Figure 12 . The sector angle 60 ∘ is considered for annular sector plate. For the case of sector annular plate under boundary conditions CCCC, CFCF, and CCCF and annular plates under boundary conditions CC, CF, and FC, the frequency parameters always increase and the ascending velocities of frequency parameters gradually become faster as the inner-to-outer radii ratios increase. For the FCFC sector annular plate, the frequency parameters always decrease. Figure 13 presents the variational rules of first three frequency parameters for the annular sector plate by changing the inner-to-outer radii ratios. The various sector angles and boundary conditions are considered in this analysis. It is obvious that the changes of natural frequencies for CCCC, CFCF, and CCCF boundary conditions also increase as the inner-to-outer radii ratios increase. But for FCFC boundary condition the variations of frequency parameter are more complicated; when the sector angle is larger than 10 ∘ , the first three frequency parameters decrease with the increasing inner-to-outer radii ratios. When the sector angle is smaller 10 ∘ , the variations of frequency parameters are different. For instance, the first frequency parameter monotonically decreases, the second frequency parameter first decreases and then increases, and there are almost few changes in the third frequency parameters.
Conclusions
In this paper, the free in-plane vibration of annular sector, annular, circular sector, and circular plates is investigated by an effective approximate formulation based on isogeometric finite element analysis. By using the NURBS basic functions in this method, the polynomial order can be easily evaluated and the desired geometry can be obtained. The gap between CAD and FEA can be possibly narrowed by applying the identical functions to construct the unknown filed and the geometry. The in-plane vibration differential equations for sector plate, annular plate, and circular plate can be systematically derived by the principle of virtual work. Three refinement schemes (the h-, p-, and k-refinement strategies) are used to discretize the geometry and refine element, and the efficiency and rapid convergence of the k-refinement in IGA have been confirmed. Then several numerical results of the natural nondimensional frequencies for sector, annular, and circular plates are computed and compared with relevant data in open references or from finite element method. It can be easily obtained that the current formulation provides a reliability means for the in-plane vibration of these plates. Additionally, some new natural nondimensional frequency parameters and corresponding mode shapes for annular plate, circular plate, and sector plates are presented. The new calculated results can be adopted by other researchers as a benchmark for future researches. The effects of sector angle and ratio of inside to outside radii for these plates with different boundary conditions are investigated as well. Ω inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 inner-to-outer radii ratios R 0 /R 1 Figure 13 : The variation of first three frequency parameters for the annular sector plate with different boundary conditions, inner-to-outer radii ratios, and sector angles.
